We aimed to examine the effects of variable timing of carbohydrate intake on postprandial glucose and insulin excursion in a diet with the same levels of energy and balance of three major nutrients. The study subjects included 8 healthy individuals, mean age 20.061.2 y (4 males and 4 females; mean age, 19.160.7 and 20.860.9 y, respectively), without a family history of diabetes. They consumed a test meal consisting of three separate plates of rice, vegetables, and meat after an overnight fast. The subjects consumed the three plates in different orders on three different days; the subsequent changes in glucose and insulin levels were measured over a 120-min period. The participants who consumed rice at the end showed a significantly lower increase in glucose and insulin levels after 30 min of consumption than that shown by participants who consumed rice first. The areas under the curves for both glucose and insulin responses over 120 min were the least when rice was consumed last, whereas they were the greatest when rice was consumed first. These findings suggested that consuming carbohydrates at the end of a meal is associated with lower postprandial excursions of glucose and insulin. In conclusion, consuming carbohydrates last following vegetables and meat protects against postprandial excursions of glucose and insulin levels.
Postprandial excursions of glucose and insulin are early signs of diabetes development (1) . Postprandial glucose levels are more strongly associated with glycated hemoglobin (HbA1c) than fasting plasma glucose levels, especially in Japanese patients with type 2 diabetes (2) . Furthermore, the postprandial glucose level has been recognized as an independent risk factor for cardiovascular diseases (1, 3) . Therefore, the control of these levels may be a therapeutic target for preventing diabetes and cardiovascular diseases (4, 5) . However, it is difficult to control postprandial glucose levels solely by proper caloric consumption, balanced nutrition diet, and regular food intake. Therefore, additional dietary approaches are required for adequate control of postprandial blood glucose levels.
We previously reported that the quantity of carbohydrate intake is associated with the development of diabetes (6) . The glycemic index (GI) is a marker of increased levels of postprandial glucose (7, 8) , and meals with a low GI may prevent the onset of diabetes (9) . However, among the components of our daily meals, dietary factors other than carbohydrates, such as dietary fiber, pro-tein, and fat, also affect postprandial glucose excursions (10, 11) .
In a clinical setting, a combination of these dietary factors should be considered to maintain postprandial blood glucose levels; e.g., Japanese staple foods, such as rice and noodles, predominantly comprise carbohydrates, while the main dishes comprise meat and fish, and side dishes comprise vegetables. It is assumed that eating fiber-rich vegetables first, followed by meat and fish, and finally rice is more effective for reducing the carbohydrate burden. Indeed, studies comparing the effects of vegetables versus carbohydrates (12, 13) and meat and fish versus carbohydrates (11, 14, 15) on postprandial blood glucose levels are in support of this hypothesis. However, to date, there have been few research reports (8, 11) that evaluated the effects of the order of consumption of these three components on postprandial glucose metabolism. Furthermore, the impact of the order of consumption on nondiabetic individuals is not well understood. Only one previous study tested the effects of vegetables versus carbohydrates on postprandial blood glucose levels in nondiabetic individuals (13) . Thus, the aim of the present study was to examine the impact of the order of consuming carbohydrates, meats, and vegetables on postprandial excursions of glucose and insulin in young, healthy, nondiabetic individuals.
MATERIALS AND METHODS
Subjects. The subjects included 8 healthy individuals (4 males and 4 females); those with a family history of diabetes or glucose tolerance disorder or with current medication were excluded. Informed consent was obtained from all participants. This study was reviewed and approved by the Ethics Committee of Kanazawa Gakuin University for research using human beings as subjects (H2502) and adheres to the ethical principles of the Helsinki Declaration.
Test meal. Patients did not receive any medication on the morning of the examination. After an overnight fast (10-12 h), a test meal was consumed at 8:30 a.m. The test meal was composed of three types of plates, namely carbohydrate (staple), meat (main dish), and vegetables (side dishes) ( Fig. 1 ). The carbohydrate plate included boiled rice (150 g), braised pumpkin (45 g), and an orange (75 g). The meat plate included grilled pork (60 g). The vegetable plate included cucumber with sesame and vinegar sauce (50 g), vegetable salad [lettuce (30 g), broccoli (50 g), and cherry tomatoes (20 g)] with olive oil (5 g) and rice vinegar (5 g), and salt (0.3 g). The amount of energy in one meal was 544 kcal, with a nutrient-energy ratio (% energy) of 57.9% carbohydrate, 25.0% fat, and 16.1% protein.
The test meals were prepared by one dietician. The order of test meal consumption is shown in Table 1 . The order of consumption of dishes in different meals was as follows: for meal CVM: carbohydrates, vegetables, and meat; for meal VCM: vegetables, carbohydrates, and meat; and for meal VMC: vegetables, meat, and carbohydrates. After consuming the three dishes, the subjects consumed 150 mL of mineral water. They were instructed to chew 20 times per bite over a total of 20 min without intervals and to be in a sitting position throughout the study session. The subjects received the three different meals (CVM, VCM, and VMC) on three different days, with a 7-d washout period between the test meals.
Study procedures. Participants visited the center on three different days from September to October 2014 with an overnight fast of at least 10 h. The meal on the day before the examination was taken as a normal meal, and food intake other than liquids was forbidden from 21 o'clock. Venous blood samples were obtained at 9 a.m. to measure serum glucose, insulin, and HbA1c (glycated hemoglobin). Following blood sample collection, the subjects consumed one of the three different meals. Then, blood samples were collected at 30, 45, 60, 90, and 120 min to measure glucose and insulin levels; the start of test meal intake was considered as 0 min. Glucose levels were measured using the exo-kinase UV (16) method, whereas insulin levels used chemiluminescent immunoassay (CLEIA) (17) . The values for delta plasma glucose and delta serum insulin were defined as the difference between the levels at each time interval and basal level during the test. The areas under the concentration-time curves (AUCs) (18) for glucose and insulin between 0 and 120 min were calculated using the trapezoidal rule.
Statistical analysis. The results are shown as mean6standard deviation (SD). The Statistical Package for the Social Sciences (SPSS; version 21.0 for Windows, IBM) was used for statistical analyses. The difference in the average values between the three groups was examined using one-way analysis of variance (ANOVA), and the Tukey method was used for the post-hoc test. p,0.05 was considered statistically significant.
RESULTS

Background of subjects
A total of 8 subjects participated in the study ( Table  2 ). The mean age was 20.061.2 y (19.160.7 y for males and 20.860.9 y for females). The mean body mass index (BMI) was 20.361.1 kg/m 2 , mean fasting plasma glucose level was 81.366.2 mg/dL, mean fasting serum insulin level was 10.766.4 mU/mL, and mean HbA1c level was 5.260.2%.
The effect of carbohydrate ingestion time on postprandial excursions of glucose and insulin
Average glucose levels peaked 30 min after consuming meals CVM 115.565.6 mg/dL and VCM 118.964.6 mg/dL, with an increase from the basal level of 36.065.1 mg/dL for meal CVM and 31.565.5 mg/ dL for meal VCM; however, average glucose level peaked 90 min after consuming meal VMC 94.464.6 mg/dL, with an increase from the basal level of 16.465.8 mg/ dL. When the changes in glucose levels among the three groups at each time point were compared, the change in the glucose level 30 min after consuming meal VMC was significantly lower than those after consuming meals CVM (p,0.01). Moreover, the variation in the glucose level 45 and 60 min after consuming meal VMC was significantly lower than that after consuming meal CVM (p,0.05) (Fig. 2) . Average insulin levels peaked 30 min after consuming meals CVM 146.5615.5 mU/mL and VCM 115.3618.9 mU/mL with an increase from the basal level of 138.1615.3 mU/mL for meal CVM and 101.0618.9 mU/mL for meal VCM; however, the average insulin level peaked 90 min after consuming meal VMC 76.9617.5 mU/mL with an increase from the basal level of 68.0618.4 mU/mL. When the changes in insulin levels among the three groups at each time point were compared, the change in the insulin level 30 min after consuming meal VMC was significantly lower than those after consuming meals CVM (p,0.05) (Fig. 3) .
As shown in Table 3 , the AUC of the glucose level at 0-120 min (AUC 0-120 min) tended to differ among the three groups (p50.0867), with that of meal CVM being the highest and that of meal VMC being the lowest ( Table 3 ). The AUC of the insulin level at 0-120 min significantly differed among the three groups (p50.0496), with that of meal VMC being significantly lower than that of meal CVM (p50.0449, Table 3 ).
DISCUSSION
In the present study, we compared the effects of different combinations of orders of consuming carbohydrates, meats, and vegetables on postprandial excursions of glucose and insulin in young, healthy, nondiabetic individuals. We found that consuming carbohydrates at the end of the meal results in significantly lower serum glucose levels 30 min after ingestion and a lower glucose AUC at 0-120 min than those of other consumption orders. Furthermore, insulin responses at 30 min and insulin AUC at 0-120 min were lowest when carbohydrates were consumed at the end (VMC). These findings suggested that meals with the same contents but with carbohydrates consumed at the end (VMC) can control postprandial glucose levels and limit the amount of insulin necessary to control glucose levels.
Consuming carbohydrates at the end reduced both postprandial glucose and insulin levels; the underlying mechanisms may involve delaying glucose absorption and/or inhibiting counter-regulatory hormones. Vegetable-derived dietary fiber contributes to lowering the postprandial excursions of glucose and insulin by delaying glucose absorption (10) . Dietary fiber also increases bile acid excretion (19) . Bile acid may increase the secretion of the incretin hormone glucagon-like peptide-1 (GLP-1), which inhibits glucagon and delays gastric emptying from intestinal L-cells via the membrane G-protein-coupled receptor TGR5 (20) . Therefore, consuming vegetables first may lower postprandial excursions of glucose and insulin directly by delaying glucose absorption and indirectly via the bile acids-GLP-1 axis. On the other hand, it has been recently reported that consuming fish or meat before rice lowers postprandial glucose excursion, enhances GLP-1 secretion, and delays gastric emptying compared with consuming rice before fish or meat (11) . These findings are consistent with our findings that consuming meat before rice is beneficial in glucose metabolism. Unfortunately, we cannot conclude which is more beneficial vegetables first or meat first on postprandial excursions of glucose and insulin in the present study. Investigating MCV may further clarify this issue.
Japanese traditional "Kaiseki" cuisine in banquets for special celebrations, such as wedding parties, comprises an appetizer "Sakizuke," soup "Wanmono," sliced dish of seasonal sashimi "Mukozuke," flame-grilled food "Hachizakana," boiled vegetables "Shiizakana," vinegar-containing appetizer "Tomezakana," finally followed by carbohydrate, rice "Shokuji," and seasonal dessert "Mizugasi." However, Japanese people are now consuming mixed meals as a part of their daily cuisine. Mixed meals may have some advantages, such as maintaining nutritional balance; reducing salts, protein, and fat; and increasing the diversity of taste, leading to joy in eating. In this regard, it should be tested on a long-term basis whether consuming carbohydrate at the end of a meal discloses excess intake of salts, calories, proteins, and fat; developmental failure of tasting; and deviation from food habits.
The strengths of the present study are as follows: First, we compared all combinations of various orders of consuming carbohydrates, vegetables, and meat, whereas previous studies (11-15) compared only two of these components. Second, we tested the effects of the order of eating in young nondiabetic individuals, whereas previous studies (11, 12, 14. 15) , except one (13), tested these effects in patients with type-2 diabetes. Third, unlike previous studies (11) (12) (13) (14) , each dish in our study was continuously consumed, without a resting time, which reflects real-world eating styles.
The limitations of the study are as follows: First, the subjects were limited to healthy young individuals. A study involving middle-aged individuals at a higher risk of diabetes and patients presently suffering from diabetes might have led to different results, indicating the necessity for further research for generalized conclusions and application to diabetes therapy. Second, we did not study mixed-meal consumption, where groups would consume the three dishes in a mixed form. Third, we did not estimate GLP-1 levels during food ingestion. Further study is required to clarify the advantage of daily mixed meals which may also help in lowering postprandial excursions of glucose and insulin in a similar way as that of consuming carbohydrates at the end.
In conclusion, consuming carbohydrates last following vegetable and meat prevents postprandial excursions of glucose and insulin levels. Such an eating order may lower future risks of diabetes, obesity, and cardiovascular diseases, which should be investigated in a prospective interventional study. In addition, any recommended eating order of meals should be discussed with respect to not only metabolic effects but also the daily dietary culture in diverse populations.
